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Cardiac Rehabilitation
Current Status and Future Directions

HARRY GATTIKER, MD, Quebec, Canada; PATRICIA GOINS, RN, La Jolla, California;
and CHARLES DENNIS, MD, Browns Mills, New Jersey

Comprehensive cardiac rehabilitation is more than exercise training for patients with coronary artery disease and now

includes all aspects of secondary prevention. Exercise training is individually prescribed based on clinical status and
therapeutic goals. Smoking cessation and abstinence and the treatment of hypercholesterolemia are integral to the
rehabilitation process. Education and counseling are important adjuncts to treatment, especially soon after a coronary

event. Vocational rehabilitation can be included simply and effectively in the rehabilitation process. Efficient and cost-

effective cardiac rehabilitation is tailored to a patient's medical condition, risk factor evaluation, and vocational status.
The future of cardiac rehabilitation will be linked to the success of training nonphysician health professionals to provide
preventive services.

(Gattiker H, Goins P, Dennis C: Cardiac rehabilitation-Current status and future directions. West J Med 1992 Feb; 156:183-188)

Cardiac rehabilitation had its origins in the 1950s, when
the treatment of acute myocardial infarction evolved

from three to six weeks of bed rest to "armchair" care and
finally to early ambulation.1'2 When such treatment was
shown to be safe,3 more formal programs of cardiac rehabili-
tation were developed that emphasized exercise training and
vocational rehabilitation.4 Still, as late as the mid-1970s, a
hospital stay of three weeks was common after myocardial
infarction. Early exercise testing after myocardial infarction
became the standard of care only in the past decade.5 This
rather slow evolution of the care of patients recovering from
myocardial infarction has placed the emphasis of cardiac
rehabilitation on physical reconditioning after a cardiac
event.

In the past decade, advances have occurred in several
areas directly related to cardiac rehabilitation. Risk stratifi-
cation after coronary events allows the early treatment of
high-risk patients with medication and revascularization by
coronary angioplasty and surgical treatment. Low-risk cases
are identified early,6 allowing comprehensive rehabilitative
efforts to be started soon after a coronary event. A careful
study of exercise reconditioning programs has led to the de-
velopment of guidelines that ensure both the safety and effi-
cacy of exercise training for patients with coronary artery
disease.7 Recent data showing that risk factor modification
has the potential to slow and even reverse the atherosclerotic
process further strengthen a philosophy of secondary preven-
tion for cardiac rehabilitation services. Vocational rehabilita-
tion may be simplified for most patients with coronary
disease, allowing a more rapid return to work.8

The goals of this article are to review the current status of
cardiac rehabilitation services and to offer a perspective on
the changing needs for rehabilitation services in the coming
years. The anticipated audience is physicians who may refer
patients to cardiac rehabilitation programs or provide some
rehabilitation services in their practice. Space considerations
do not allow this article to serve as a primer for cardiac

rehabilitation, but interested readers should understand the
concepts of comprehensive cardiac rehabilitation from this
article and should be able to expand that knowledge through
directed reading.

Goals of Cardiac Rehabilitation
Cardiac rehabilitation may be defined as the process by

which patients with cardiac diseases are returned to their
optimal physical, psychological, social, emotional, voca-
tional, and economic states. More precise short- and long-
term objectives can be defined for cardiac rehabilitation.

Short-term objectives include physical reconditioning
sufficient for resuming customary activities, educating pa-
tients and family about the disease process, and providing
psychological support during the early recovery phase of the
illness. Long-term objectives include identifying and treat-
ing risk factors that influence the progression of disease,
teaching and reinforcing the health behaviors that improve
prognosis, optimizing physical conditioning, and facilitating
a return to occupational and avocational activities.8

Indications for Cardiac Rehabilitation
Cardiac rehabilitation services are generally provided to

patients with manifestations of coronary artery disease. In
particular, patients recovering from myocardial infarction or
a coronary artery bypass operation and those with chronic
stable angina are considered candidates. Nevertheless, there
is no reason why other patients might not benefit from certain
aspects of cardiac rehabilitation services as described later.
Reimbursement from insurers and Medicare is generally
restricted to patients with coronary artery disease and in
some states includes patients recovering from heart trans-
plantation.

Most commonly, patients recovering from uncomplicated
myocardial infarction or uncomplicated coronary artery op-
erations are referred for cardiac rehabilitation within three to
six weeks of the event. Patients recovering from uncompli-
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cated angioplasty and those with stable angina may be re-

ferred sooner if they are clinically stable. In general, when a

patient is clinically able to perform an exercise test, he or she
is ready to begin cardiac rehabilitation.8

Rationale for Cardiac Rehabilitation Services
Traditional cardiac rehabilitation programs provide ser-

vices in three general areas: exercise training, risk factor
evaluation, and education and counseling. Other areas that
can be offered under the auspices of cardiac rehabilitation
include vocational rehabilitation and risk factor treatment
(Table 1). Risk factor treatment may involve both medical
and behavioral therapies.

Exercise Training
A substantial body of evidence suggests that physical ac-

tivity provides primary protection from the development of
coronary artery disease and favorably influences the progno-
sis of persons with coronary disease.9 The Harvard alumni
study'0 and the Multiple Risk Factor Intervention Trial
results" suggest that habitual exercise is inversely associated
with cardiovascular mortality. Even low- to moderate-inten-
sity exercise appears to be protective. The risks of exercise in
an otherwise healthy population are extremely low, with an

estimated annual incidence of 1 cardiac arrest per 7,000 to
18,000 exercisers. ` "

Similarly, there is indirect evidence that habitual exercise
in patients with coronary disease has a favorable effect on

cardiovascular mortality. Several studies of exercise training
were done in the past 20 years, only one of which showed a

favorable effect on mortality.15 All studies were limited for a
variety of reasons: insufficient sample size, short duration,
crossover problems, and a failure to account for other factors
possibly influencing mortality, such as fl-blocker and aspirin
therapy. Two meta-analyses using pooled data on more than
4,000 patients surviving myocardial infarction, however,
showed a reduction ofoverall and cardiovascular mortality by
20% to 25% for those performing regular exercise.1661 This
magnitude of benefit is similar to that seen in randomized
trials of fl-blockade after myocardial infarction.18 In these
meta-analyses, there was no significant difference in the non-
fatal reinfarction rate for patients randomly assigned to exer-

cise training compared with those in the control group.

Exercise training has important physiologic effects.'9'20
The primary effect is an increase in peak exercise capacity,
most commonly expressed clinically in METs (multiples of
resting oxygen consumption). One MET-3.5 ml of oxygen
uptake per kilogram per minute-is the approximate energy

required to stand quietly. Treadmill workloads are com-

monly expressed in METs. Exercise training increases the
MET capacity by 10% to 50%.21 This increase is primarily
mediated through adaptations in skeletal muscle, including
increases in capillary density and mitochondrial and oxida-

tive enzyme concentrations. These changes improve oxygen

delivery and extraction by exercising skeletal muscle, thus
decreasing the cardiovascular requirements of exercise.22
There is some evidence that exercise programs of higher
intensity and longer duration enhance left ventricular func-
tion,23 perhaps through improved perfusion.24

Clinically, the effects of exercise training include lower
resting and submaximal pulse rates and systolic blood pres-

sures and increased maximal MET capacity. 20 These changes
occur across all subsets of patients with coronary artery
disease, including those with evidence of myocardial ische-

2125 ventriho ghis hemia and left ventricular dysfunction.26'27 Although ische-

mia generally occurs at the same double product, increased
skeletal muscle efficiency allows a greater level ofwork to be
done before ischemia is manifested. The greatest effects gen-
erally occur in those patients most limited at the time exercise
training is initiated. Other related benefits ofexercise include

28,29improved lipid profiles, improved blood pressure control
in hypertensive patients,30-32 and improved psychological
profiles including increases in self-efficacy (to be described
later).3334

Evaluation and Treatment ofHypercholesterolemia
Substantial basic and clinical data link elevated serum

cholesterol levels to clinical manifestations of coronary ar-

tery disease. In the past decade, clinical trials have shown
that lowering serum cholesterol levels has a beneficial effect
on cardiovascular morbidity and mortality in persons without
symptomatic coronary disease.35-37 More recent data from
several studies suggest that lowering serum cholesterol levels
in patients with symptomatic coronary artery disease slows
the progression ofcoronary atherosclerosis in the majority of
cases.38 The status ofcoronary atherosclerosis was evaluated
using serial coronary angiograms, with computer-assisted
quantitation of luminal diameters in most studies.39-4' Two

studies also showed a significant reduction in symptomatic
coronary events in treated patients compared with the control
groups.40 41 These studies have also shown for the first time
that coronary atherosclerosis can be reversed in some pa-

tients. Thus, aggressive dietary and drug management of
hypercholesterolemia is strongly indicated in patients re-

ferred for cardiac rehabilitation.42

Smoking Cessation and Abstinence
Cigarette smoking increases the risk of manifestations

of coronary artery disease developing and of recurrent com-
plications occurring after coronary symptoms develop.43
Stopping smoking lowers the primary risk of myocardial in-
farction to nearly that of nonsmoking within three years.44'45
Smoking cessation and abstinence after myocardial infarc-
tion halves the risk of a recurrent coronary event in the first
year. In addition to diminishing the cardiovascular risk,
smoking cessation also favorably influences the risk from
other diseases including several cancers, peptic ulcer dis-
ease, and chronic lung disease.43 These data suggest that
smoking abstinence programs should be incorporated into
standard cardiac rehabilitation.8'46'47

Behavioral Treatments
Although type A behavior is regarded as a risk factor

for the development of coronary disease,48 controversy ex-

ists regarding its specific role. Type A behavior is character-
ized by three primary features-time urgency, competitive
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achievement striving, and hostility. Only the last is thought to
have a detrimental coronary effect.49 The influence oftype A
behavior on the prognosis of symptomatic coronary disease
is also controversial.50-52 A single study suggests that spe-

cific therapy to modify type A behavior reduces the risk of
cardiac death and nonfatal myocardial infarction in men with
a history of myocardial infarction.53 Although other dis-
abling psychological problems, such as depression and
anxiety, should be treated in patients referred to cardiac reha-
bilitation programs, the evidence that specific interventions
for type A behavior are beneficial is not strong.

Other Risk Factors
There is no clear evidence that the aggressive treatment of

hypertension, obesity, and diabetes mellitus influences the
prognosis in patients with symptomatic coronary artery dis-
ease. A lack of data in these important areas should not deter
physicians from providing optimal treatment of these well-
established risk factors. Cardiac rehabilitation programs can

assist in the management of these problems by providing
close surveillance of blood pressure, weight, and glucose
control at the time of regularly scheduled exercise sessions."

Education and Counseling
Education and counseling are integral parts of most car-

diac rehabilitation programs and show promise in enhancing
quality of life, especially in the early recovery phases of
myocardial infarction.55 There are, however, few data to sub-
stantiate long-term beneficial effects on psychological out-
come by these interventions.54 One area in which cardiac
rehabilitation has a well-established beneficial effect is in
improved self-efficacy.55 "Self-efficacy" is a psychological
term describing how a person's judgment regarding his or

her capacity to do a task is an important determinant of
whether the task will be attempted. Self-efficacy is a measure
of self-confidence and is a useful tool in developing and
establishing healthy behaviors, such as exercising, dieting,
and smoking abstinence. Specific techniques for increasing
self-efficacy have been developed and can be helpful within
the context of promoting healthy behaviors.8'55

Vocational Rehabilitation
The cost of cardiovascular disease is high, estimated at

$85 billion annually for direct treatment costs alone. The cost
of resulting short- and long-term disability is substantially
higher, estimated at three to four times the direct costs of
care. These indirect costs result from goods and services not
provided due to cardiovascular disability. The indirect costs
can be reduced by increasing the number of patients with
cardiovascular disease returning to work and shortening the
interval between a cardiac illness and return to work. Demo-
graphic, medical, and psychological factors all influence
whether a patient works after a cardiac event. Age, work
history, and job type are the most important demographic
factors. The severity of the cardiac illness is the most impor-
tant medical factor. Patients' perception of their health and
the advice treating physicians give regarding reemployment
are the most important psychosocial factors.8

In patients recovering from uncomplicated myocardial
infarction, early exercise testing and specific advice regard-
ing return to work shortened the interval from 75 to 51 days in
a randomized trial.56 More than 75% of working patients
younger than 60 years can return to work earlier than is

commonly allowed. Similar guidelines are probably applica-
ble to patients recovering from uncomplicated coronary by-
pass grafting. Substantial financial benefits accrue to patients
and employers as a result of shortening the interval between a

cardiac event and return to work. A work evaluation can be
easily incorporated into standard rehabilitative care.

Organizing Cardiac Rehabilitation Services
Inpatient Cardiac Rehabilitation

The cardiac rehabilitation process usually begins during a

hospital stay for myocardial infarction, unstable angina, or

coronary revascularization by angioplasty or bypass proce-

dure. With the shortening of hospital stays for all cardiac
treatments, the goals of inpatient cardiac rehabilitation
should be limited to the most important areas. These impor-
tant goals include providing a structured progressive ambula-
tion program so that patients will be physically able to
perform customary activities at home; teaching patients to
recognize important cardiac symptoms and to take appropri-
ate action; maintaining smoking abstinence; teaching pa-
tients the doses, effects, and side effects oftheir medications;
instructing patients in how to obtain routine and emergency
medical care; and providing basic information about the out-
patient rehabilitation process.

Effective inpatient cardiac rehabilitation programs are

multidisciplinary. They usually involve nurses, physicians,
physical therapists, nutritionists, and exercise physiologists.
Coordinated programs ofmobilization and education are suf-
ficient to meet the basic needs of most patients.8 The con-

cepts of risk factor modification should be introduced in the
hospital, especially the continued abstinence from smoking.
Patients who have been admitted to hospital have a limited
capacity to retain new information, however. Therefore,
most efforts of secondary prevention should be deferred to
the outpatient program.

Outpatient Cardiac Rehabilitation
Comprehensive standards for traditional outpatient reha-

bilitation programs have recently been published. 7,8,57-61
These specific guidelines should be incorporated into all ex-

isting and new outpatient programs to ensure a safe, effica-
cious, and consistent approach to cardiac rehabilitation.
Several specific services may be offered by outpatient pro-
grams.

E.xercise training. Structured exercise sessions are the
hallmark of outpatient cardiac rehabilitation. A symptom-
limited exercise test is the basis for the exercise prescription.
Patients without evidence of angina or asymptomatic ische-
mia, congestive heart failure, or electrical instability are usu-

TABLE 2.-Increased Risk fbr Exercise Training in Patients
Who Should Receive Greater Surveillance During Exercise

Training or Who Should Not Exercise

Pathophysiology Manifestation

Left ventricular dysfunction .... Congestive heart failure; ejection
fraction < 30%; history of cardio-
genic shock

Myocardial ischemia .......... Angina pectoris; exercise-induced
ST depression; severe coronary
artery disease

Ventricular arrhythmias........ Complex arrhythmia at rest; com-
plex arrhythmia during exercise;
history of sudden cardiac arrest
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ally good candidates for symptom-limited testing. The
exercise test will establish the patient's MET capacity and
guide the development of a rational exercise prescription. In
some patients it will identify high-risk characteristics that
require further diagnostic evaluation or therapeutic interven-
tions. The test also identifies cases in which exercise training
is safe but should be done in more carefully monitored set-
tings (Table 2). The exercise test is especially important in
the modem era of thrombolytic therapy and early coronary
interventions to be certain that occult myocardial ischemia
and electrical instability are not present.

The fundamental concepts of exercise training of patients
with cardiac disease are well described.' Exercise training
effects are related to the FIT principle: frequency, intensity,
and time. Most cardiac exercise programs provide three ses-
sions a week for 12 weeks. The intensity of exercise training
is best prescribed as a percentage of the peak heart rate at-
tained on symptom-limited exercise testing. Conservative
target heart rates are prescribed initially to ensure that pa-
tients can complete the exercise session safely without exces-
sive fatigue. The time of each session varies between 30 and
90 minutes. Patients monitor their exercise by their pulse
rate.

In patients without important contraindications, exercise
training is safe. A national survey of cardiac rehabilitation
programs estimated the rate per 1 million patient hours of
exercise of fatal events at 1.3, of myocardial infarction at 3.4,
and of resuscitated cardiac arrest at 8.9.62 Patients at higher
risk require more intensive surveillance, including continu-
ous electrocardiographic monitoring during training. Pa-
tients at lower risk can exercise in a supervised setting using
pulse counting and intermittent electrocardiographic moni-
toring for surveillance. All programs should have resuscita-
tion equipment immediately available, and the staff must be
trained in advanced cardiac life support procedures.

As patients improve with exercise training, their prescrip-
tions may be advanced by increasing the target heart rate and
by adding exercise sessions at home. The same techniques
for self-monitoring pulse rate and symptoms must be used in
home exercise, so patients must be competent in these tech-
niques before home exercise is recommended.8,63-65

Riskfactor evaluation. Patients entering cardiac rehabili-
tation should have their risk factors assessed at entry. These
include blood pressure, fasting lipid and glucose levels,
weight, smoking status, and stress levels. Goals should be
individually tailored for each patient. The patient should
have a clear understanding ofthe goals and how they might be
accomplished. Specific guidelines for evaluating hypercho-
lesterolemia are available through the National Cholesterol
Education Program.42

Risk factor treatment. Risk factor treatment is an area
where cardiac rehabilitation programs and primary physi-
cians should coordinate their efforts. In many respects, the
cardiac rehabilitation program is an ideal setting for risk
factor treatment. Most of the issues related to long-term
health-related behavioral change require frequent visits,
time-consuming face-to-face interactions, social and profes-
sional support, and access to nonphysician health care pro-
fessionals such as nutritionists and nurses. A cardiac
rehabilitation program that provides 36 one-hour sessions
over 12 weeks can incorporate techniques for educating pa-
tients, enhancing and monitoring compliance, and establish-
ing social support systems. In contrast to the physician's

office, where visits are usually infrequent and brief, in a
cardiac rehabilitation program, healthy behaviors can be in-
troduced, molded, and reinforced more effectively.

Specific guidelines for cholesterol management have
been published (Table 3).42 Dietary management can be fa-
cilitated with the help of a nutritionist for both individual and
group teaching. Drug therapy is effective if dietary treatment
is insufficient for reaching the goals of reducing low-density-
lipoprotein cholesterol levels. Exercise training can raise the
high-density-lipoprotein cholesterol values. Smoking absti-
nence can be facilitated by individual or group programs and
reinforced during exercise sessions. The use of nicotine pola-
crilex can improve the short- and long-term abstinence rates.
Stress reduction can also be accomplished by group and indi-
vidual treatment. Stress reduction commonly occurs as a by-
product of regular exercise sessions.

Education and counseling. Most cardiac rehabilitation
programs provide group education that addresses a variety of
topics. Sessions are usually open to both patients and family.
The education focuses on those areas relevant to the long-
term management ofcoronary artery disease. Possible topics
include basic pathophysiology, treatment options, diet, cho-
lesterol evaluation and treatment, medication effects and side
effects, stress management, and other topics of interest to the
group. Informal social support groups are often formed by
patients and can be beneficial to them and their families in the
early recovery period after a cardiac illness.

Vocational rehabilitation. Because most working patients
younger than 60 years will return to work after a cardiac
event,55 complex vocational rehabilitation is necessary for
only a few patients. Occasionally patients cannot return to
the same job after a cardiac event because of a medical com-
plication, such as stroke or severe congestive heart failure,
that makes them incapable of doing the work. A small num-
ber of patients are legally restricted from returning to their
previous job, such as pilots and public safety workers. In
these circumstances, which mandate a change of job, spe-
cialized vocational rehabilitation services are indicated.

The majority of patients recovering from uncomplicated
myocardial infarction or a coronary bypass procedure can
return to work earlier than is commonly recommended. The
average patient with no complications has a functional capac-
ity of7 to 8 METs within a month ofthe illness. This capacity
is sufficient to perform most jobs, including those with mod-
erate physical requirements. In the case of jobs requiring
higher levels of physical activity, exercise training can usu-
ally bring the physical capacity to a sufficient level. In the
absence of signs of a poor prognosis, such as substan$ial left
ventricular dysfunction or myocardial ischemia, most pa-
tients can return to work within 30 to 40 days of their cardiac
illness. The symptom-limited exercise test done before entry
into a cardiac rehabilitation program may be used to substan-
tiate a good prognosis, assess the functional capacity, and aid
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the physician and cardiac rehabilitation team in providing
specific guidelines for a return to work.8

Future Directions in Cardiac Rehabilitation
Traditional efforts in cardiac rehabilitation that have em-

phasized exercise training will be replaced by a more com-

prehensive approach to secondary prevention in the coronary
population. While exercise clearly benefits patients with cor-

onary disease, aggressive treatment of other risk factors im-
proves prognosis as well.

The process of cardiac rehabilitation begins with risk
stratification to identify and treat abnormalities of left ven-

tricular dysfunction, myocardial ischemia, and electrical in-
stability. Once these important prognostic factors are
evaluated and treated, secondary prevention measures should
begin. These include exercise training, smoking cessation
and abstinence, cholesterol evaluation and treatment, stress
management, vocational rehabilitation, and education.

Currently only 15% of all patients eligible for cardiac
rehabilitation services enroll in formal cardiac rehabilitation
programs. Formal programs, which are generally supervised
by nurses, exercise physiologists, and other nonphysician
health professionals, do not yet completely address the com-
prehensive approach outlined here. The future of cardiac
rehabilitation must include more coordinated efforts be-
tween physicians and rehabilitation programs if cardiac reha-
bilitation is to meet these standards. Systems must be
developed whereby all patients with coronary artery disease
can benefit from comprehensive programs of secondary pre-
vention that are individually prescribed. Multidisciplinary
teams of nonphysician health professionals offer the greatest
potential for providing the breadth of preventive services
necessary to accomplish the goals outlined here. Ultimately,
primary and secondary prevention is the most cost-effective
means of improving prognosis in coronary heart disease.66'67
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HERMAN KATTLOVE IS OUR ONCOLOGIST

After fifteen years, Herman and I talk of art-
Georgia O'Keefe and Degas

and travel and cities we love-
Berlin and Paris

our grown children and what they are doing.

Dr. Kattlove and Shelley talk of drugs-
Megace and tamoxifen

of therapies-radiation and chemo
and experimental treatments.

Herman tells me to come back in six months
(A year is too long, he'd miss me.)
He tells Shelley to come back in a month-or less.

Shelley and I talk of art and travel
and favorite cities.

She tells me of her treatments.
I remember mine.

I wonder when Shelley and Herman will discuss
Bali and Vienna?
Andrew Wyeth and Van Gogh?

MARY KAY CROWTHER©
Long Beach, California
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